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Polymers of a hydrophobic nature, filled with starch 
complexes 

The present invention relates to polymers of a hydrophobic 
nature incompatible with starch comprising, as a filler, a 
starch complex in the form of particles of very small 
dimensions. . 

It is known from the literature (WO 92/14782, Bastioli et 
al. J- of Environmental Pol. Degradation - No, 1, Vol. 3, 
181-191, 1993) that starch is present in products produced 
by the extrusion of mixtures of starch with copolymers of 
ethylene with vinyl alcohol, in the form of a complex 
forming an interpenetrated structure with the. ethylene 
copolymer. Upon TEM (Transmission Electron Microscope) 
examination, the structure shows the presence of phases 
with sub-micronic dimensions mixed with no sharp separating 
boundaries . 

As a result of treatment in water at 100 °C with vigorous 
stirring, the interpenetrated structure breaks up, forming 
a micro-dispersion of micro-spherical aggregates with 
particles of diameter of less than 1 micron, or forming a 
layered structure by which the starch is rendered partially 
soluble. 

The droplet-like structure has been observed with the use 
of an EVOH copolymer containing 60% of vinyl alcohol, in 
moles; the layered structure, on the other hand, has been 
produced with a copolymer containing 80% of vinyl alcohol, 
in moles. 
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There is a great need to be able to disperse starch in 
polymers incompatible with starch, in the form of a complex 
which has poor solubility in water, with very small 
dimensions of the dispersed particles, in view of the 
improved and novel properties which this filler could 
introduce. 

Op to now, starch has been dispersed in hydrophobic 
polymers such as polyethylene in the non-destructured, 
crystalline form. 

Destructured starch has been used as a filler in rubbers 
(USP 5,374,671 and 5,545,680). However, the dimensions of 
the dispersed particles are not small enough because of 
difficulties in dispersing the starch finely in an 
incompatible polymer matrix such as rubber. The starch is 
in fact dispersed in the form of filament-like particles. 

In the United States patents cited above, the possibility 
of using destructured starch in compositions containing 
thermoplastic polymers is also pointed out. However, the 
compositions referred to in the patents are not suitable 
for the formation of micro-dispersions, both because the 
method of preparing the compositions is not suitable for 
the formation of the right micro-structures, and owing to 
the fact that excessively hydrophilic copolymers unsuitable 
for forming micro-structures are used. In the case of the 
EVOH copolymer, the vinyl alcohol content is 73% in moles. 

In the patents cited above, reference is also made to the 
possibility of using a grafting agent which, however, is 
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not identified further, and which can act as a 
compatibilizing agent between starch and rubber. 

It has now unexpectedly been found that it is possible to 
disperse, in hydrophobic polymers incompatible with starch, 
starch complexes characterized by second-derivative FTIR 
absorption in the region of 940-950 cm"^ or by XR 
diffraction peaks in the regions of ir-13' and 19''-21'' of 
26, in the form of particles with poor solubility in water 
and having numeral average size of less than 3 microns, 
preferably less than 1 micron, and which are fixed to the 
polymer matrix by means of (a) coupling agent (s) containing 
groups which can interact with the polymer matrix and with 
the complex (external coupling agent) or by means of 
reactive groups present in the complex capable of being 
fixed to the polymeric matrix thus acting as internal 
coupling agent. In this case, the use of the external 
coupling agent can be omitted. 

This is, for example, the case of matrices comprising a 
biodegradable polymer such as the aliphatic or aliphatic- 
aromatic polyesters, the aliphatic polyamides, polyamides- 
polyesters, polyurethane-polyesters and the like. 

AS it will be specified hereinafter, the complex usable 
with the biodegradable matrices of the type above 
indicated, is a complex of starch with a pol^.-mer different 
from the polymer forming the polymeric matrix and from the 
ethylene-vinylalcohol copolymers, or with other complexing 
agents . 



• 
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The complex is generally substantially insoluble in water 
at 100°C. 

The solubility is generally less than 20% by weight. 

Amylose is present in the complex in wholly or largely 
complexed form, whereas the amylopectin can be hydrolyzed 
with acids. It is considered, but this is not binding, 
that the amylopectin macro-molecules are connected at 
various points of the chain by hydrogen bonds and by 
entanglements with the molecules of amylose complexed with 
the synthetic polymer or other complexing agents. Since 
the dimensions of the micro-particles of the complex are of 
the order of those expected for the amylopectin molecules, 
these molecules can be considered as forming a nucleus 
surrounded by a shell formed by the amylose/ synthetic 
polymer complex or other complexing -agent. 

The shell, by interacting with hydrogen bridges or by 
entanglements with the nucleus, acts as a screen to the 
solvation of the amylopectin. 

The starch compositions used for the dispersion indicated 
above are constituted by or comprise starch complexes 
showing the above specified FTIR band or XR diffraction, 
peaks from which micro-dispersions of particles with 
numeral average diameter of less than 1 micron are formed 
by treatment with boiling in water with vigorous stirring. 

The starch usable for the formation of the complexes usable 
as fillers contains more than 15% by weight, and preferably 
more than 20% by weight, of amylose; amylopectin is 



wo 00/17270 



PCT/EP99/07038 



present in quantities up to 85% by weight and preferably up 



to 80%- 



The starch may originate from tubers, cereals or beans and . 
n.ay be maize, potato, tapioca, pea, or rice starch, etc. 
It is preferably starch with an amylose content greater 
than 20% by weight. 

Starches with' an amylopectin content greater than 85% by 
weight are not suitable since the amylopectin does not form 
complexes with the polymers which complex with amylose; a 
large quantity of the starch is solubilized by treatment by 
boiling in water. 

The composition, mentioned above are prepared by extrusion 
of the starch in mixture with the complexing thermoplastic 
polymer and, optionally, with ■ a plasticizer under 
temperature and shear-force conditions such as to render 
the components of the mixture rheologically compatible or 
with a complexing agent. Suitable preparation methods are 
described, for example, in WO 92/14782, which is 
incorporated by way of reference. It is also possible to 
use methods in solution, using common solvents for starch 
and the complexing agent. 

The compositions preferably have a water content at the 
output of the extruder, before conditioning, of less than 
20% by weight and preferably less than 10% by weight, but 
preferably not lower than 2% and preferably not lower than 
4% A preferred water content as referred to starch plus 
water in the initial formulation is higher than 5% and 
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lower than 30%. The Tg of the compositions is preferably 
below 0^*0. 

The formation of micro-dispersions by boiling in water with 
stirring and optionally ultrasonication can constitute a 
criterion for the selection of the operating conditions 
suitable for the formation of the compositions usable in 
the method of the invention. 

The polymer compatible with starch contains hydrophilic 
groups intercalated with hydrophobic sequences in which the 
hydrophilicity properties are balanced in a manner such 
that the resulting extruded compositions can provide a 
partial or complete insolubilization of the starch by 
treatment in boiling water. 

For example, in the case of copol-ymers of ethylene with 
vinyl alcohol, the vinyl alcohol content, which is 
preferably greater than 50% in moles, has not to exceed 80- 
90% in moles, otherwise, by boiling in water, the formation 
of layers instead of micro-dispersions occurs and starch 
becomes soluble . 

Other suitable copolymers are copolymers of ethylene with 
acrylic acid, preferably containing from 15 to 25% by 
weight of acrylic acid. 

In general, all copolymers of ethylene with polar monomers 
such as copolymers with methacrylic, crotonic and itaconic, 
acids, maleic anhydride and terpolymers containing vinyl 
acetate are suitable. 
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other polymers which can form complexes with starch are 6- 
6 6-9 or 12 aliphatic polyamides, aliphatic and aliphatic- 
aromatic polyesters, polyurethanes/polyamides, 
polyurethanes/polyethers, polyamides/polyesters, 
polyurea/polyesters, polyurea/polyethers, polylactic acxd, 
polyglycolic acid, poly (lactic-glycolic) ac:Ld, 
polycaprolactone/urethane, in which the size of the 
polycaprolactone block is between 300 and 3000 molecular 
weight. 

other complexing agents can be fatty_^cids, and their 
derivatives. The complexing agents can contain reactive 
groups for the hydrophobic matrix thus performing the 
function of internal coupling agents, such as tetrasulphide 
or unsaturated groups in case of rubbery matrices. 

in the case of ethylene/vinyl alcohol copolymers containing 
from 20 to 50% of ethylene, in moles, the quantity of 
copolymer which can complex all of the available amylose is 
about 20% by weight of the composition. 

The more the concentration of the EVOH is reduced, the 
greater is the relative quantity of amylose complexed, this 
quantity changing from twice the quantity of EVOH when the 
concentration of EVOH is 10%, to 3 times when it is reduced 
to 5%. 

This shows that complexing between amylose and EVOH does 
not form a complex of well-defined composition, but forms a 
family of complexes. 
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The preferred formulations for the starch complexes 
comprise a content by weight of starch between 4 5 and 65%^ 
with more than 20% of amylose; a complexing agent between 5 
and 35%; plasticizers from 0 to 20% and added water from 0 
to 15%. Such formulations minimize the size of the 
dispersed phase. 

The dispersion of the composition comprising the starch 
complex in the hydrophobic polymer is performed by blending 
in accordance with known methods, for example, by extrusion 
or calendering in a Banbury mixer in the case of rubbers. 

The preferred complexed starch for rubbery compositions is 
disper sable in the rubber by mixing in a range of 
temperature between 130 and 170 °C, preferably between 14 0 
and 160 ''C. 

It is possible to operate in the presence of a coupling 
agent. When the complex contains groups which can be fixed 
to the polymer matrix of the starch, the use of the 
coupling agent can be omitted. 

Suitable coupling agents which can react with the filler 
and with the polymer matrix when the matrix is of a 
polyolefin nature or is a styrene-butadiene, polybutadiene, 
polyisoprene or nitrile rubber, an elastomeric, 
ethylene /propylene or ethylene/propylene diene copolymer 
are aliphatic silanes such as dimethyldichlorosilane, 
methyltrichlorosilane, mercaptopropyltrimethoxysilane and 
vinyl silanes such as methacryl-oxy-propyltrimethoxysilane 
and vinyltriethoxysilane. 
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A particularly suitable silane is bis-3- 
triethoxysilylpropyl tetrasulphide . 

Other coupling agents which may be used are alkyl titanates 
or esters such as tetraisooctyl titanate, isopropyl- 
diisostearyl-metacryl titanate, and isopropyltriacryl 
titanate - 

The quantity of coupling agent is between 0.05 and 10% by 
weight of the starch complex, preferably 0.1-5% by weight. 

The coupling agent is preferably added to the starch 
complex/hydrophobic polymer mixture at the stage of the 
blending thereof. 

The hydrophobic polymer comprises, among others, ethylene 
polymers such as LDPE, LLDPE, HDPE, ultra low LLDPE, 
crystalline propylene polymers and copolymers, in 
particular, isotactic polypropylene, and crystalline 
propylene copolymers containing 1-10% by weight of ethylene 
or of a C4-C10 alpha olefin. 

Other thermoplastic hydrophobic polymers which may be used 
comprise polyamides, aromatic polyester resins, 
polyoxymethylene resins, polycarbonates, polypheny lene 
oxide resins. The rubbers used in the tire industry, such 
as styrene-butadiene rubbers, polybutadiene or polyisoprene 
rubbers, or the EP and EPDM rubbers may also be used. 

The rubbers may contain, as fillers, the ingredients such 
as, for example, silica, carbon black and the vulcanizing 
agents and vulcanization accelerators which are normally 
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used in this field- The rubber matrices containing the 
starch complexes according to the present invention are 
conveniently used in the preparation of tyres having 



Similarly, the thermoplastic polymers may contain additives 
such as colourings, stabilizers, and f lame-retardant 
compounds normally used in the field. 

The fillers having the characteristics specified above 
confer to the polymer matrices properties of better 
coatability, particularly in the case of olefin polymers, 
better electrical and heat dissipation, a better elastic 
flow and low hysteresis (particularly in the case of 
rubbers), and other advantageous properties which vary from 
one polymer to another. 

Biodegradable hydrophobic polymers are also usable. 
Examples of such polymers are: aliphatic, polyesters, 
aliphatic-aromatic copolyesters, aliphatic polyamides, 
polyamides-polyest ers polyurea-polyesters , polyurethane- 
polyesters poliurethane-polyamide . Specific examples are 
poly-epsilon-caprolactone and poly (butylene terepthalate- 
butylene adipate) . 

In the case of the above mentioned biodegradable polymers 
it has been found advantageous to add to the polymeric 
matrix a starch complex wherein the complexing agent is a 
polymer different from the polymer forming the matrix and 
the ethylene-vinylalcohol copolymers, or selected from the 
fatty acids and the derivates thereof or from other 
complexing agents. 



valuable properties. 
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It is possible using this type of complex to tailor-make 
the properties of starch, to render the same similar to 
those of the matrix or different. 

For example in the case of the compostable bags^. it has 
been found useful to retard the biodegradability of the 
starch complex dispersed in the aliphatic or aliphatic- 
aromatic polyester matrix by complexing the starch with a 
slowly or not at all biodegradable polymer to avoid the 
premature degradation of the bag when the same, filled with 
waste, is stored in humid places and/or contact with 
condense. 

The premature bag breakage with consequent waste spreading 
is troublesome and represents a limit to the use of the 
compostable bags for the collection of organic waste. 

The polymers used to retard the biodegradability of starch 
comprise polylactic acid, polyglycolic acid and 
poly (lactic-glycolic) acid copolymers. 

Examples of not significantly biodegradable polymers are 
the ethylene-vinylacetate copolymers, the ethylene-acrylic 
acid copolymers, and in general, the ethylene copolymers 
containing polar groups different from the OH groups. 

In the case of complexing agents immiscible with the 
polyester base-matrix, it is possible to form the complex 
with the starch directly during the melt-blending of the 
polyester-starch mixture. 
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The melt-blending is carried out under temperature and 
shear conditions suitable to render the starch and the 
polyester polymeric components rheologically compatible. 

As already mentioned, the dispersion of the starch complex 
in a matrix formed or comprising a biodegradable polymer 
such as the aliphatic or the aliphatic-aromatic polyesters 
does not require the use of an external coupling agent. 

The filler formed by the starch complex is dispersed in the 
hydrophobic polymer in quantities of from 0.5 to 50% by 
weight. The most suitable quantity depends on the type of 
polymer and on the properties to be imparted thereto. In 
general, quantities of from 2 to 30% by weight may 
advantageously be used. 

For the test with boiling water, the material is ground in 
a cryogenic mill and reduced to powder which can pass 
through 0 . 5 mm mesh . 

The powder is introduced into a reflux flask containing a 
volume of water 10 times the weight of the powder and is 
heated to boiling point for 4 hours with vigorous stirring 
and ultrasonication, if needed. 

The following examples are provided by way of non-limiting 
illustration of the invention. 

In the following examples, the quantities of the components 
are expressed as percentages by weight unless specifically 
indicated otherwise . 
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EXAMPLE 1 

A mixture was prepared, containing: 

- 40% Cerestar Globe 03401 starch (12.8% water) 

-4 0% Nippon Gohsei A-4412 EVOH (EVOH with 4 4% ethylene by 
moles) 

- 12% glycerol 

- 3% water 

- 5% urea. 

The mixture was supplied to an OMC single-screw extruder 
with D=20 mm and L/D==30, operating with the following 
temperature profile: 80/150/140/120**C and about 40 rpm. . 

The extruded material with about 6.5% H2O was pelletized and 
then filmed by blow extrusion with, a Haake extruder with 
D=10 mm and L/D=20 to give a film about 30 microns thick. 

The film produced was ground in a cryogenic mill and 
reduced to powder which could pass through 0.5 mm mesh. 
About one gram of powder was then poured into a flask 
containing 100 ml of distilled water and the mixture was 
brought to boiling point with vigorous stirring for 4 
hours. Upon completion, the insoluble residue, which was 
about 75% of the initial quantity, which amount 
corresponded to the sum of starch and EVOH, was filtered 
out. 



The boiling residue, examined by TEM (Transmission Electron 
Microscope), was constituted by individual particles or by 
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aggregates of particles in which the individual particles 
had diameters of less than 0.5 microns. 

The film, examined by second derivative IR had a band of 
the starch/EVOH complex at 947 cm-1 and two peaks in the XR 
diffraction spectrum at 13° and 20° of 29 • 

EXAMPLES 2-4 

The following compositions, in which maize starch 
containing about 28% of amylose was used, were prepared as 
described in Example 1: 



Example 


2 


3 


4 




% 


% 


% 


Cerestar Globe 03401 starch 


50 


58 


65 


Nippon Gohsei E-3808 EVOH 


30 


20 


10 


Glycerol 


7 


8 


9 


Urea 


4 


4 


4 


Water 


9 


10 


12 


(EVOH E-3808 with 38% ethylene by moles) 







Upon application of the breakdown upon boiling test, 
amounts of insoluble residues approximately equal to the 
sum of starch and EVOH were obtained. The dimension of the 
separated particles was less than 0.5 microns. 

All of the films, when examined by second-derivative IR, 
had a band of the complex at 947 cm""^ and when examined by 
XR showed two peaks at about 13° and 20° of 29. 

EXAMPLES 5-16 
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The following compositions, in which a starch with a high 
amylose content (Roquette Eurylon 1, 70% amylose) was used, 
were prepared as described in Example 1: 



Example 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


Eurylon 7 


52 


60 


66 


70 


52 


60 


66 


70 


51 


60 


66 


70 


D-2908 EVOH 


31 


20 


10 


5 


















E-3808 EVOH 










31 


20 


10 


5 










A-4412 EVOH 


















31 


20 


10 


5 


Glycerol 


7 


10 


12 


12 


7 


10 


12 


12 


7 


10 


12 


12 


Water 


10 


10 


13 


13 


10 


10 


12 


13 


10 


10 


12 


13 



Upon application of the breakdown in boiling water test, 
amounts of insoluble residues equal to the sum of starch 
and EVOH were obtained, even with the lowest concentrations 
of EVOH. The size of the separated particles was less than 
1 micron, in all the cases but for the concentration of 
Eurylon between 52 and 60% the particles were by far lower 
than 0,5 microns. 

All of the films, when examined by second-derivative IR, 
had a band of the complex at 947 cm"-^. 

EXAMPLE 17 

Products obtained according to examples 2,3 and 4 brought 
to complexed starch with a water content between 6 and 10% 
which was mixed in a Pomini Farrel mixer at 155C at a 
content of 20% by weight, with 76% of an SB standard grade 
for treads and 4% of bis-3-triethoxysilyl propyl 
tetrasulphide . The final products after etching in DMSO 
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showed a microdispersion of complexed starch with average 
dimension lower than 0*5 microns under TEM analysis . 

COMPARISON EXAMPLE 1 

A composition similar to that of Example 5 but with the 
maize starch replaced by amylose-free waxy starch 
(Snowflake 04201 - Cerestar) was prepared. 

Filming of the composition and its subjection to the 
breakdown in boiling water test did not produce a 
dispersion of micrometric particles, but a quantity polymer 
lumps equal to the quantity of EVOH present in the 
molecule. 

A portion of the film examined by TEM showed a micro- 
layered structure. 

COMPARISON EXAMPLE 2 

Comparison Example 1 was repeated but with 7 . 1 parts of 
waxy starch replaced by Eurylon 7 .starch so that the final 
mixture had an amylose concentration of 5%. Filming of the 
composition and its subjection to the breakdown in boiling 
water test produced a residue corresponding to 40 parts of 
EVOH and 15 parts of starch; this means that the quantity 
of amylose present was not sufficient to screen the 
solvation of all of the amylopectin. 



A portion of the film, examined by TEM, was shown to be of 
micro-layered structure . 
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COMPARISON EXAMPLE 3 

Example 1 was repeated but with the EVOH replaced by Du 
Pont Elvanol 71-30 polyvinyl alcohol. 

Filming of the composition and its subjection to the 
breakdown in boiling water test did not produce any 
insoluble residue. 

A portion of film, examined by TEM, showed a micro-layered 
structure , 

EXAMPLE 18 

The following composition (parts by weight) : 





Comparison 


A 


B 


Maize starch 


26.4 - 


26.4 


26.4 


Ecoflex (BASF) 


63.8 


53.3 


56.3 


Eco-PLA D4200 


0 


7.5 


0 


(Cargill) 








Lactic/glycolic acid 






7.5 


copolymer (70:30) 








Glycerine 


5.5 


4.35 


4.6 


Water 


4.3 


3.45 


3.5 



(Ecoflex is a poly (butylene adipate/terephthalate) 
copolymer) were extruded in a twin-screw extruder APV 2030 
operating at 180°C/160 rpm and with a throughput of 40 
Kg/h. 

The water content and MFR after extrusion were: 
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water MFR (dg/min) 

Comparison 1*6% 2.3 

Test A 1.7% 2.6 

Test B 1.6% 2.5 

The material was filmed in a Ghioldi apparatus (40 mm 
diameter and head of 100 mm) 

Bags (60 X 90 cm) were^ produced. 

A test using cut grass to fill the bags, conducted at 30 °C 
and 7 5% RH gave the following result expressed as days for 
obtaining non-transportable bags: 

days 

comparison 3 
Test A 20 
Test B 23 

The IR spectrum of the film gave a FTIR band at about 94 7 
cm"^ typical of complexed starch. 



After dissolution of Ecoflex, the residual starch was found 
to be complexed with polylactic acid and polydactic- 
glycolic) acid. 
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CLAIMS 

1. Hydrophobic polymers incompatible with starch 
containing, as a filler, a starch complex dispersed in the 
hydrophobic polymeric matrix in the form of particles with 
a numeral average size of less than 3 microns, bound to the 
polymer matrix by means .of coupling agents containing 
groups compatible with the matrix and with the starch 
complex or by means of reactive groups present in the 
starch-complex capable of being fixed to the polymeric 
matrix, wherein the starch complex is characterized by a 
second-derivative IR absorption in the region of 940-950 cm" 
^, and the starch complex, in the case of hydrophobic 
biodegradable polymers selected from the group consisting 
of the aliphatic or aliphatic-aromatic polyesters, the 
aliphatic polyamides , polyamides-polyesters , polyurethane 
polyesters, polyurethane-polyamides, -polyurea-polyesters is 
a complex of starch with a polymer different from the 
polymer forming the matrix and from ethylene-vinylalcohol 
copolymers or with other complexing agents. 

2. Polymers according to Claim 1, in which the starch 
complex is dispersed in the form of particles having a 
numeral average size of less than 1 micron. 

3. Polymers according to Claims 1 or 2, wherein the 
coupling agent is selected from the group consisting of a 
vinyl silane, an alkyl titanate, and bis-3- 
triethoxysilylpropyl tetrasulphide . 

4. Polymers according to Claims 1 or 2, wherein the 
complexing agent different from the polymer forming the 
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polymeric matrix is selected from the group consisting of 
polylactic acid, polyglycolic acid, poly (lactic-glycolic) 
acid copolymers, ethylene-acrilyc acid copolymers, 
ethylene-vinylacetate copolymers . 

5- Polymers according to any of Claims 1 to 4, in which the 
quantity of filler comprising the complex dispersed in the 
hydrophobic polymer is from 0,5 to 50% by weight. 

6. Polymers according to any of Claims 1 to 5, in which the 
starch complexes are produced from compositions of starch 
with polymers compatible with starch containing lyophilic 
groups and lyophobic sequences, wherein the starch complex 
is present and from which a micro-dispersion of particles 
with numeral average diameters of less than 1 micron is 
formed by treatment in water at 100 ''C under stirring, 

7. Polymers according to any of Claims 1 to 6, produced 
with the use of compositions having a water content of less 
than 20%, and higher than 2% by weight,, and a Tg below 0°C, 

8. Polymers according to Claim 6, in which the polymer 
which can form complexes with starch is selected from the 
group comprising copolymers of ethylene with polar 
monomers . 



9. Polymers according to Claim 8, in which the copolymer is 
selected from the group comprising copolymers of ethylene 
with vinyl alcohol, vinyl acetate and acrylic acid. 
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10. Polymers according to Claim 9, in which the 
ethylene/vinyl alcohol copolymer contains from 50 to 75% of 
vinyl alcohol in moles. 

11. Polymers according to Claim 6, in which the polymer 
which can complex with the starch is selected from 
copolymers of polyester /polyurethane, polyamide /polyester, 
aliphatic and aliphatic aromatic polyesters and polyamides. 

12. Polymers according to any of Claims 1 to 11, in which 
the hydrophobic polymer incompatible .with starch is 
selected from the group consisting of ethylene polymers and 
copolymers, crystalline propylene polymers and copolymers, 
aromatic polyester resins, polyamides, polyoxymethylene 
resins, polyphenylene oxide resins, and polycarbonates- 

13. Polymers according to any of Claims 1 to 11, in which 
the hydrophobic polymer is a rubber selected from the group 
consisting of styrene-butadiene rubbers, polybutadiene 
rubbers, polyisoprene rubbers, ethylene-propylene and 
ethylene-propylene-diene rubbers, and natural rubber. 

14. A method for preparing filled polymers according to any 
of Claims 1 to 13, in which a composition comprising the 
starch/polymer complex, forming part of a continous 
interpenetrated structure between the complexing polymer 
and the complex is mixed, in the melt state or under hot 
mastication conditions, with the hydrophobic polymer 
incompatible with starch, in the presence of coupling 
agents containing groups reactive with the polymer matrix 
and with the complex. 
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15- A method of preparing filled polymers according to any 
of Claims 1 to 13, in which a composition comprising the 
starch/polymer complex is mixed with a rubber at a 
processing temperature between 140 and 160C, in the 
presence of coupling agents containing groups reactive with 
the polymer matrix and with the complex. 

16. A method according to Claim 14 and 15, in which the 
coupling agent is selected from vinyl and tetrasulphide 
silanes and alkyl titanates. 

17. A method according to any of claims 14, 15 and 16 in 
which the coupling agent is used in a quantity of from 0.05 
to 10% by weight of the complex. 

18. A method for preparing filled polymers according to 
Claims 1 to 13, wherein the polymeric matrix is a 
biodegradable polymer selected from the group consisting of 
the aliphatic-aromatic polyesters, the aliphatic 
polyamides, the polyamides-polyesters, polyurethane- 
polyester s , polyurethane-polyamides and poliurea-polyesters 
comprising melt-mixing the polymer forming the polymeric 
matrix with a complex of starch having the characteristics 
as set forth in claim 1 and further characterized by being 
formed of starch complexed with a polymer different from 
the polymer forming the matrix and from the ethylene- 
vinylalcohol copolymers or with other complexing agents. 

19. A method according to claim 18, wherein the starch 
complex is preformed or formed during melt-mixing. 
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20. Shaped articles obtainable from the hydrophobic 
polymers of claim 1 to 13. 

21. Shaped articles obtainable from the hydrophobic 
polymers of claims 1 to 13, wherein the hydrophobic polymer 
is selected from the group consisting of the aliphatic and 
aliphatic-aromatic polyesters , polyurethane-polyamides , 
polyurea-polyesters , and polyurethane-polyesters . 

22. Films and compostable bags obtainable from the 
hydrophobic polymers of claims 1 to 13. 

23- Tyres obtainable from the rubbers of claim 13. 
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5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or Industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 

No: Claims 1 

Inventive step (IS) Yes: Claims 

No: Claims 2-24 

Industrial applicability (lA) Yes: Claims 1-24 

No: Claims 



2. Citations and explanations 
see separate sheet 
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ITEM V 

Reference is made to the following document: 
D1 : WO 98/20073 (cf. claims 1 , 28, 37, 38) 

Hydrophobic polymers incompatible with starch containing , as filler, a starch complex 
dispersed in the hydrophobic polymeric matrix, bound to the polymer matrix by 
means of coupling agents containing groups compatible with the matrix and with the 
starch complex, have already been disclosed in D1 . The starch complex of D1 is in 
the form of particles with a numeral average size of less than 1 |im. 
Even though D1 does not explicitly mention the solubility in water and the second- 
derivative IR absorption, it is reasonable to assume that the starch complex quoted 
therein shows the same IR absorption and water-solubility as those indicated in the 
present application, since the composition of D1 has been prepared in the same way 
as the present composition. 

Therefore, the subject-matter of the present claim 1 is not novel under article 33(2) 
PCT. 

The subject-matter of claims 2 to 24 is either not novel with respect to D1 or would 
not appear to be inventive with regard to this teaching (Art. 33 (2) and (3) PCT). 
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the purported international application: 


1 1 received: 


4. Date of timely receipt of the inquired 
corrections under PCT Article 1 1(2): 


n not received; 


5. International Searching Authority . 
(iftwo or more are competent): l^A / 


6. Transmittal of search copy delayed 
i — 1 until search fee is paid. 





Date of receipt of the record copy 
by the International Bureau: 



For International Bureau use only , 



Forni PCT/RO/101 (last sheet) (July 1998; ; reprint July 1999) 



See Notes to the request form 



The detnand must be filed ^fmA'iih the competent hnermt'mal Miminaty ExanmUiS^^ority or, if two or mre Authorities are competent, 
with the one chosen hy the apfmant. The full name or two-letter a)de of that Authority may be indicated by the applicant on the line hehw: 
IPEA/_ 



PCT 

DEMAND 

under Article 3 1 of the Patent Cooperation Treaty: 
The undersigned requests that the international application specified below be the subject of 
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'The following person is agent common representative 
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Statement concerning amendments: * 

1 . The applicant wuihes the international preliminary examination to start on the basis ol: 
0^ tiie intemationai application as originally filed 

the description as origmaily filed 

I I as amended under Article 34 

the claims as originally filed 

I I as amended under Article 1 9 (together with any accompanying statement) 
|~| as amended under Aniclc 34 

the drawings ^ as originally filed 

as amended under Article 34 

2. The applicant wishes any amendment to the claims uiider Article 19 to be considered as reversed. 

3. The applicant wishes the start of the intemationai preliminary examination to be postponed until the expiration of 20 months 
from the priority date unless the Intemationai Preliminary Examining Authority receives a copy of any amendments made 
under Article 1 9 or a notice from the applicant diat he does not wish to make such amendments (Rule 69. 1 (d)). (This check- 
box may he marked otily where the time limit under Article 19 has not yet expired.) 

* Where no check-box is marked, intemationai preliminary examination will start on the basis of the international application 
as originally filed or, where a copy of amendments to the claims unddr Article 19 and/or amendments of the intemationai application 
under Article 34 are received by the International Preliminary Examining Authority before it has begun to draw up a written opinion 
or the intemationai preliminary examinauon report, as so amended. 



Language for the purposes of internatf unal preliminary examination: . ENG US H 

X which is the language in which the intemationai application was filed. 

which is the language of a translation flumished for the purposes of intemationai search, 
which is the language of publication of the intemationai applicntioa 

which is the language of the translation (to be) furnished forthe purposes of intemationai preliminary examination. 
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The applicant hereby elects ai] eligible States (that is, all States which have been designated and which are hound by Chapter II of 
the PCT) 

excluding the following States which die applicant wLshes not to elect: 
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Box No. IV, for tlie purposes of international preliminary examination: 
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1 . translation of international application : 
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2. amendments under Article 34 : 


sheets 
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3 . copy (or, where required, transiation) of 

amendments under Article 19 : 


sheets 
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4. copy (or, where required, translation) of 

statement under Article 1 9 : 


sheets 
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5. letter : 


sheets 


□ 
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6. oihtt (specijy) ; 
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1. |X| fee calculation sheet 
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*— ' reference number, if any: 
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5. I I nucleotide and c 
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6. other (specific): 



5. I I nucleotide and or amino acid sequence listing m 
— computer readable form 
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2. Adjusted date of receipt of demand due 
to CORRECTIONS under Rule 60.1(b): 



3 I — I The date of receipt of the demand is AFTER the expiration of 19 months 
I — I from the priority date and item 4 or 5, beloAv, does not apply. 



□ 'I'he applicant has been 
intbnned accordingly. 



4 I I The date of receipt of the demand is WITHIN the period of 19 months from the priority date as extended by virtue of 
^' I I Rule 80.5. ^ ' 



5. I I Althougji the dale of receipt of the demand is after the expiration of 19 months from the priorit>' date, the delay in arrival 
L-J is EXCUSED pursuant to Rule 82. 
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{PCT Rule 61 .3) 



Date of mailing (day/month/year) 
15 May 2000(15.05.00) 



To: 



RAMBELLI, Paolo 
Jacobacci & Perani S.p.A. 
Corso Regio Parp 
1-101 52 Torino 
ITALIE 



2 9. MAG 2000 



Applicant's or agenf s file reference 
PC273PR 
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International application No. 
PCT/EP99/07038 



International filing date (day/month/year) j 
22 September 1999 (22.09.99) 



Priority date (day/month/year) 

22 September 1998 (22.09.98) 



Applicant 



NOVAMONT S.P.A. et al 



1. The applicant is hereby informed that the International Bureau has, according to Article 31(7), notified each of the following 
Offices of its election: 



AP :GH,GM,KE,LS,MW,SD,SL,SZ,T2,UG,ZW 

EP :AT,BE,CH,CY,DE,DK,ES,F1,FR,GB,GR,IE,IT,LU,MC,NUPT,SE 

National :AU,BG,BR,CACN,CZ,DE,IL,JP,KP,KR,MN,NO,NZ,PL,RO,RU,SE,SK,US 



2. The following Offices have waived the requirement for the notification of their election; the notification will be sent to them 
by the International Bureau only upon their request: 

EA :AM,AZ,BY,KG,KZ,MD,RU,TJJM 

OA:BF,BJ,CF,CG,CI,CM,GA,GN,GW,ML,MR,NE,SN,TDJG J 
National :AE,AL,AM,AT,AZ,BA,BB,BY,CH,CR,CU,DK,DM,EE,ES,FI,GB,GD,GE,GH,GM, 
HR,HUJDJN,IS,KE,KG,KZ,LC,LK,LR,LS^TmLV,MD,MG,MK,MW,MX,PT,SD,SG,SI, 
SL,TJJM,TR,TT,TZ,UA,UG,UZ,VN,YU,ZA,ZW 

3. The applicant is reminded that he must enter the "national phase" before the expiration of 30 months from the priority date 
before each of the Offices listed above. This must be done by paying the national fee{s) and furnishing , if prescribed, a 
translation of the international application (Article 39(1 )(a)), as well as, where applicable, by furnishing a translation of any 
annexes of the international preliminary examination report (Article 36(3)(b) and Rule 74.1). 

Some offices have fixed time limits expiring later than the above-mentioned time limit For detailed informa^on about the 
applicable time limits and the acts to be performed upon entry into the national phase before a particular Office, see Volume II 
of the PCT Applicant's Guide. 

The entry into the European regional phase is postponed until 31 months from the priority date for alt States designated for 
the purposes of obtaining a European patent 



The International Bureau of WIPO 
34, chemin des Colombettes 
1211 Geneva 20, Switiertand 



Facsimile No. (41-22) 740.14.35 



Authorized officer: 



R. ^ S^el 



Telephone No. (41-22) 338.83.38 



Form PCT/IB/332 (September 1997) 



3283484 




PCT 



NOTICE INFORMING THE APPLICANT OF THE 
COMMUNICATION OF THE INTERNATIONAL 
APPLICATION TO THE DESIGNATED OFFICES 

(PCT Rule 47.1 (c), first sentence) 



ATENT COOPERATION THftfi^TY 



^1 



From the INTERNATIONAL BUREAU 



WO 00/17270^ 
PCT/EP99/07038 



Date of mailing (day/month/year) 
30 March 2000 (30.03.00) 



To: 



RAMBELLI, Paolo 
Jacobacci & Perani S.p.A. 
Corso Regio Parco, 27 
1-10152 Torino 
ITALIE 



RtCEVUTO 



1 a APR 2000 



RISP. 



Applicant's or agent* s file reference 
PC273PR 


IMPORTANT NOTICE 


International application No. 

PCT/EP99/07038 / 


International filing date (day/month/year) 
22 September 1999 (22.09.99) * 


priority date (day/month/year) 

22 September 1998 (22.09.98) *' 


Applicant 

NOVAMONT S.P.A. et a! / 



1. Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application 
to the following designated Offices on the date indicated above as the date of mailing of this Notice: 

AU,CN,JP,KP,KR,US 



In accordance with Rule 47.1 (c), third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
of the international application is required to be furnished by the applicant to the designated Office(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 

AE,AUAM,AP,AT,AZ,BA,BB,BG,BR,BY,CA,CH,CR,CU,CZ,DE,DK,DM,EA,EE,EP,ES,F1,GB,GD,GE, ^ 

GH,GM,HR,HUJDJUINJS,KE,KG,KZ,LC,LK,LR,LS,LT,LU,LV,MD,MG,MK,MN,MW,MX,NO,NZ,OA, 

PUPT,RO,RU,SD,SE,SG,SI,SK,SLTJJM,TR,TT,TZ,UA,UG,UZ,VN,YU,ZA,ZW 
The communication will be made to those Offices only upon their request. Furthermore, those Offices do not require the 
applicant to furnish a copy of the international application (Rule 49.1 (a-bis)). 

3. Enclosed with this Notice is a copy of the international application as published by the International Bureau on 
30 March 2000 (30.03.00) under No. WO 00/17270 

REMINDER REGARDING CHAPTER II (Article 31(2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
date, a demand for international preliminary examination must be filed with the competent International Preliminary 
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international preliminary examination report and its annexes, if any, established on the international application. 



2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication 
to alt the elected Offices. 



3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of the 
report (but not of any annexes) and will transmit such translation to those Offices. 



4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article 
39(1)) (see also the reminder sent by the International Bureau with Form PCT/IB/301). 

Where a translation of the international application must be furnished to an elected Office, that translation must 
contain a translation of any annexes to the international preliminary examination report. It is the applicant's 
responsibility to prepare and furnish such translation directly to each elected Office concerned. 

For further details on the applicable time limits and requirements of the elected Offices, see Volume 11 of the 
PCT Applicant's Guide. 
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FOO PI IDTUCD AOTiriM ®®® Notification of Transmittal of International 

run run i ncn mi* i iun Preliminary Examination Report (Form PCT/IPEA/416) 


International application No. y 
PCT/EP99/07038 ^ 


International filing date (day/month/year) 
22/09/1999 / 


Priority date (day/month/year). 
22/09/1998 ^ 



Intemationai Patent Classification (IPC) ornatlonai classification and IPC 
C08L29/04 



Applicant 

NOVAMONTS.PAetal. ^ 

1 . This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 4 sheets, including this cover sheet. 

S This report Is also accompanied by ANNEXES, I.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.1 6 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 5 sheets. 



3. This report contains Indications relating to the following Items: 

I ^ Basis of the report 

II □ Priority 

III n Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

IV □ Lack of unity of Invention 

V S Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 

citations and explanations suporting such statement 

VI □ Certain documents cited 

VII □ Certain defects in the international application 

VIII □ Certain observations on the International application 



Date of submission of the demand 
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Date of completion of this report 

21. 12.00 


Name and mailing address of the international 
preliminary examining authority: 

^ European Patent Office 
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Tel. +49 89 2399 - 0 Tx: 523656 eomu d 
Fax: +49 89 2399 - 4465 


Authorized officer ^ ^ 

Boletti, C (( M )) 

Telephone No. +49 89 2399 8527 x^^wo^jv^ 



Form PCT/IPEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PReI^INARY 
EXAMINATION REPORT International application No. PCT/EP99/07038 

I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Articie 14 are referred to in this report as ""originaily filed'* and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70. 1 7).): 
Description, pages: 

1 .2,4-1 8 as originally filed i/ 

3 with telefax of 19/10/2000 / 

Claims, No.: 

1-24 with telefax of 19/10/2000 ^ 



2. With regard to tlie language, all the elements marked above were available or furnished to this Authority in the 
language In which the international application was filed, unless othenft^ise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation fumished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation fumished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the intemational application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ fumished subsequently to this Authority in written fonn. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the International application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 
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5. Q This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report,) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, Inventive step or Industrial applicability; 
citations and explanations supporting such statement 



1. 



Statement 



Novelty (N) 



Yes: 
No: 



Claims 
Claims 



1 



Inventive step (IS) 



Yes: 
No: 



Claims 
Claims 



2-24 



Industrial applicability (lA) 



Yes: 
No: 



Claims 
Claims 



1-24 



2. 



Citations and explanations 
see separate sheet 
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ITEM V 

Reference is made to the following document: 
D1 : WO 98/20073 (cf. claims 1 , 28, 37, 38) 

Hydrophobic polymers incompatible with starch containing , as filler, a starch complex 
dispersed in the hydrophobic polymeric matrix, bound to the polymer matrix by 
means of coupling agents containing groups compatible with the matrix and with the 
starch complex, have already been disclosed in D1. The starch complex of D1 is in 
the fomi of particles with a numeral average size of less than 1 |im. 
Even though D1 does not explicitly mention the solubility in water and the second- 
derivative IB absorption, it is reasonable to assume that the starch complex quoted 
therein shows the same IR absorption and water-solubility as those indicated in the 
present application, since the composition of D1 has been prepared in the same way 
as the present composition. 

Therefore, the subject-matter of the present claim 1 is not novel under article 33(2) 
PCT. 

The subject-matter of claims 2 to 24 is either not novel with respect to D1 or would 
not appear to be inventive with regard to this teaching (Art. 33 (2) and (3) PCT). 
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not identified fuixher, and which can act a 
Gompatibilizing agent bet>^een search and rubbex. 

< — :> 

It has aaw unexpectedly beer found that it is possible tc 
disperse, in hydrophobic polymers incompatible with starch, 
Starch complexes characterized by second-deriv^ative FTIR 
absorption in the region of 940-950 cm"^ or by XR 
diffraction peaks in the regions of H'-13' aad 19*-21* of 
29, in the form of particles with poor solubility in water 
and having numeral average size o£ less fei^ast — 3^ ruio^ ns-, 
p r -o forably - lose than 1 micron, and which are fixed to the 
polyiuer matrix by means of (a) coupling agent (a) containing 
groups which can interact with the poiyrner matrix and with 
the complex (external coupling agent) or by means of 



reactive groups present in the complex capable of being 
fixed to the polymeric matrix thus acting as internal 
coupling agent. In this case, the use of the external 
coupling agent can be omitted- 

Thia is, for example, the case o£ matrices coit?>risxng a 
biodegradable polymer such as the aliphatic or aliphatic- 
aromatic polyesters, the aliphatic polyamides, polyamides- 
polyesters/^polyuxethane-polyesters and Uiy UKy- 

As it will be specified hereinafter, the complex usable 
with the biodegradable matrices of the type above 



indicated, is a complex of starch with a fpo ^ jm» r nifferent 
from the polymer forming the polymeric matrix and from the 
ethylene-vinylalcohol copolymers* or with othei: eomplexing 
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CIAIMS 

1, Hydrophobic polymers incompatible with starch contain- 
ing, afi a filler, a starch complex in the form of particles 
dispersed in the hydrophobic polymeric matrix and bound to 
the polymer matrix by means of coupling agents containing 
groups compatible with the matrix and with the starch com- 
plex or by means of reactive groups present in the starch- 
complex capable of being fixed to the polymeric matrix, 
characterised in that the starch coit5)lex is in the form of 
particles with a numeral average size of less than 1 micron, 
it has a solubility in water at 100 »C of less than 20% and 
is characterised by a second -derivative IK absorption in the 
region of 940-950 cm"\ and vherein the starch complex, in 
the case where the hydrophobic biodegradable polymers of the 
matrix are selected from the group consisting of the ali- 
phatic or aliphatic- aromatic polyesters, the aliphatic poly- 
amides, polyamides-polyesters^ polyurethane polyesters, 
polyurethane-polyamides, polyurea-polyestere, is a coxjplex 
of starch with a complexing agent different from the polymer 
forming the matrix and from ethylene -vinylalcohol copoly- 
mers. 

2. Polymers according to claim 1, wherein the coupling 
agent is selected from the groups consisting of a vinyl si- 
lane, an alkyl titanate, and bis-3-triethoxysilylpropyl tet- 
rasulphlde . 

3. Polymers according to claims 1 or 2, wherein the com- 
plexing agent different from the polymer forming the poly- 
meric matrix is selected from the group consisting of 
polylactic acid, polyglycolic acid, poly (lactic-glycolie) 
acid copolymers, ethylene-acrylic acid copolymers, ethylene- 
vinylacetate eopolymere. 

4. Polymers according to any of claims 1 to 3, in which 
the quantity of filler comprising the complex dispersed in 



m 



the hydrophobic polymer is from 0.5 to 50% by weight, 

5, Polymers according to any of claims 1 to 4, in which 
the starch complexes are produced from compositions of 
starch with polymer© compatible with starch containing lyo- 
philic groups and lyophobic sequences; wrherein the starch 
complex is present and from which a micro-dispersion of par- 
ticles with numeral average diameters of less than l micron 
is formed by treatment in water at 100 under stirring, 

6, Polymers according to claims 1 to 5, produced with the 
use of compositions having a water content of less than 20%, 
and higher than 2% by weight, and a Tg below 0»C. 

7, Polymers according to claim 5^ in which the polymer 
which can form complexes with starch is selected from the 
group comprifiing copolymers of ethylene with polar monomers. 

s. Polymers according to claim 7, in which the copolymer 
is selected from the group comprising copolymers of ethylene 
with vinyl alcohol, vinyl acetate and acrylic acid- 

9, Polymers according to claim 8, in which the ethyl- 
ene/vinyl alcohol copolymer contains from 50 to 75% of vinyl 
alcohol in moles. 

10. Polymers according to claim 5, in which the polymer 
which can coirplex with the starch is selected from copoly- 
mers of polyester/polyura thane, polyamide /polyesters, ali- 
phatic and aliphatic aromatic polyesters and polyamides, 

11. Polymers according to claims 1 or 2, wherein the starch 
coraplexing agent i6 a fatty acid or a derivative thereof. 

12, Polymers according to claims 1 or 2^ wherein the starch 
complexing agent contains reactive groups for the hydropho- 
bic matrix r 



13. Polymers accorcSing to any of claim 1 to 12, in i«rtiich 
the hydrophobic polymer incompatible with starch is selected 
from the group consisting of ethylene polymers and copoly- 
mers, crystalline propylene polymers and copolymers, aroma- 
tic polyester resins, polyaraides, polyoxymethylene resins, 
polyphenylene oxide resins, and polycarbonates. 

14. Polymers according to any of claims i to 12y in which 
the hydrophobic polymer is a riibber selected from the group 
consisting of styrene -butadiene rubbers, polybutadiene rub- 
bers, polyisoprene rubbers, ethylene -propylene and ethylene- 
propylene-diene rubbers, and natural rubber . 

15. A method for preparing filled polymers according to any 
of claims l to 14, in which a composition comprising the 
Btarch/polymer complex^ forming part of a continuous inter- 
penetrated structure between the complexing polymer and the 
complex is mixed, in the melt state or under hot mastication 
conditions, with the hydrophobic polymer inconqpatible with 
starch, in the presence of coupling agents containing groups 
reactive with the polymer matrix and with the complex. 

16. A method preparing filled polymers according to any of 
claims 1 to 14, in which a composition comprising the 
starch/polymer complex is mixed with a rubber at a process- 
ing temperature between 140 and 160 **C, in the presence of 
coupling agents containing groups reactive with the polymer 
matrix and with the coirplex. 

17. A method according to claims IS and 16, in which the 
coupling agent is selected from vinyl and tetragulphide si- 
lanes and alkyl titanates. 

IB. A method according to any of claims 15, 16 and 17 in 
which the coupling agent is used in a quantity of from O.S 
to 10% by weight of the complex. 
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19, A method for preparing filled polymers according to 
claims 1 to 14. wherein the polymeric matrix is a biodegrad- 
able polymer selected from the group consisting of the ali- 
phatic-aromatic polyeatars. the aliphatic polyamides, the 
polyamides-polyeatere, polyurethane -polyesters, polyuretha- 
ne-polyamides and polyurea -polyesters coitiprlsing melt-mixing 
the polymer forming the polymeric matrix with a complex of 
starch having the characteristics as set forth in claim i 
and further characterised by being formed of starch com- 
plexed with a complexing agent different from the polymer 
forming the matrix and from the ethylane-vlnylalcohol co- 
polymers . 



20. A method according to claim 19, wherein the starch com- 
plex is preformed or formed during roelt-mlxing, 

21. Shaped articles obtainable from the hydrophobic poly- 
mers of claims 1 to 14 . 

22. Shaped articles obtainable from the hydrophobic poly- 
mers of claims 1 to 14, wherein the hydrophobic polymer is 
selected from the group consisting of the aliphatic and ali- 
phatic-aromatic polyesters, polyurethane-polyamides, poly- 
urea-polyesters, and polyurethane -polyesters. 

23. Films and eoinpostable bags obtainable from the hydro- 
phobic polymers of claims 1 to 14. 



24. Tyres Obtainable from the rubbers of claim 14. 
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not identified further, and which can act as a 
compatibilizing agent betir;een starch and rubbei. 

c y' 

Ir has unexpectedly beer found that it is possible to 

disperse, in hydrophobic polymers incoiipaxible with starch, 
starch coiciplexes characterized by second-derivative FTIR 
absorption in the region of 940-950 cm"^ or by XR 
diffraction peaks in the regions of ll'-lS' and 19*-21* of 
29, in the form of particles with poor solubility in water 
and having numeral average size of less — 3 mi -cg e ns-^ 
pr-<rforabty— lo&6 than 1 roicron, and which are fixed to the 
polymer matrix by means of (a) coupling agent (s) containing 
groups which can interact with the polymer matrix and with 
the complex (external coupling agent) or by means of 
reactive groups present in the complex capable of being 
fixed to the polymeric matrix thus acting as internal 
coupling agent. In this case, the use of the external 
coupling agent can be omitted. 



This iSr for exairple, the case of matrices coiciprisxng a 
biodegradable polymer such as the aliphatic or aliphatic- 
aromatic polyesters, the aliphatic polyamides, polyamides- 
polyesters/^poiyuxethane-polyesters aad Lhe liktr. 



As it will be specified hereinafter, the complex usable 
with the biodegradable matrices of the . type above 
indicated/ is a complex of starch with a f p ol ym» r aifierent 
from the polymer forming the polymeric matrix and from the 
ethylene-vinylalcohol copolymers^ oi with i:ithe r complexlng 
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CIAIMS 

1. Hydrophobic polymers incompatible with starch cantain- 
ing, as a filler, a starch complex in the form of particles 
dispersed in the hydrophobic polymeric matrix and bound to 
the polymer matrix by means of coupling agents containing 
groups compatible with the matrix aiid with the starch com- 
plex or by means of reactive groups present in the starch- 
complex capable of being fixed to the polymeric matrix, 
characterised in that the starch complex is in the form of 
particles with a numeral average size of less than 1 micron, 
it has 9 solubility in water at 100 of less than 20% and 
is characterised by a second -derivative IF absorption in the 
region of 940-950 cm*\ and wherein the starch complex, in 
the case where the hydrophobic biodegradable polymers of the 
matrix are selected from the groyp consisting of the ali- 
phatic or aliphatic- aromatic polyesters, the aliphatic poly- 
amides, polyamides-polyesters, polyurethane polyesters, 
polyurethane-polyamides, polyurea-polyesters, is a coitplex 
of starch with a complexing agent different from the polymer 
forming the matrix and from, ethylene-vinylalcohol copoly- 
mers . 

2, Polymers according to claim 1, wherein the coupling 
agent is selected from the groups consisting of a vinyl si- 
lane, an alkyl titanate, and bis-3-triethoxysilylpropyl tet- 
rasulphide . 

3. Polymers according to claims 1 or 2, wherein the com- 
plexing agent different from the polymer forming the poly- 
meric matrix is selected from the group consisting of 
polylactic acid, polyglycolic acid, poly (lactic-glycolie) 
acid copolymers, ethylene -acrylic acid copolymers, ethylene- 
vinylacetate copolymers - 

4, Polymers according to any of claims 1 to 3, in which 
the quantity of filler comprising the complex dispersed in 



CLMS 



the hydrophobic polymer is from 0.5 to 50% by weights 

5. Polymore according to any of claims 1 to 4, in which 
the starch complexes are produced fron compoeitions of 
starch with polymers compatible with starch containing lyo- 
phi lie groups and lyophobic sequences; wherein the starch 
complex is present and from which a micro-dispersion of par- 
ticles with nxaneral average diameters of lees than l micron 
is formed by treatment in water at lOO^C under stirring. 

6. Polymers according to claims 1 to 5, produced with the 
use of con^ositions having a water content of less than 20%, 
and higher than 2% by weight, and a Tg below 0*C* 

7. Polymers according to claim 5, in which the polymer 
which can form complexes with starch is selected from the 
group comprising copolymers of ethylene with polar monomers. 

8. Polymtsrs according to claim i, in which the copolymer 
is selected from the group comprising copolymers of ethylene 
with vinyl alcohol, vinyl acetate and acrylic acid. 

9. Polymers according to claim 8, in which the ethyl- 
ene/vinyl alcohol copolymer contains from 50 to 75% of vinyl 
alcohol in moles. 

10. Polymers according to claim 5, in which the polymer 
which can coiiplex with the starch is selected from copoly- 
mers of polyester/polyurethane, poXyamide /polyesters, ali- 
phatic and aliphatic aromatic polyesters and polyamides, 

11. Polymers according to claims 1 or 2, wherein the starch 
complexing agent is a fatty acid or a derivative thereof. 

12. Polymers according to claims 1 or 2, wherein the starch 
conplexing agent contains reactive groups for the hydropho- 
bic matrix. 
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13. Polymere according to any of claim 1 to 12, in wbich 
the hydrophobic polymer incompatible with starch is selected 
from the group consisting of ethylene polymers and copoly- 
mers, crystalline propylene polymers and copolymers, aroma- 
tic polyester resins, polyamides, polyoxymethylene resins, 
polyphenylene oxide resins, and polycarbonates. 

14. Polymers according to any of claims 1 to 12 ^ in which 
the hydrophobic polymer is a rubber selected from the group 
consisting of styrene -butadiene rubbers, polybutadiene rub- 
bers, polyisoprene rubbers, ethylene -propylene and ethylene - 
propylene- diene riibbers, and natural rubber. 

15. A method for preparing filled polymers according to any 
of claims 1 to 14, in which a composition comprising the 
Btarch/polymer complex, forming part of a continuous inter- 
penetrated structure between the complexing polymer and the 
complex Is mixed, in the melt state or under hot mastication 
conditions, with the hydrophobic polymer incompatible with 
starch, in the presence of coupling agents containing groups 
reactive with the polymer matrix and with the complex. 

16. A method preparing filled polymers according to any of 
claims 1 to 14, in which a composition ccanprising the 
starch/polymer complex is mixed with a rubber at a process- 
ing temperature between 140 and 160**C, in the presence of 
coupling agents containing groups reactive with the polymer 
matrix and with the complex. 

17. A method according to claims IS and 16, in which the 
coupling agent is selected from vinyl and tetrasulphide si- 
lanes and alkyl titanates. 

18. A method according to any of claims 15, 16 and 17 in 
which the coupling agent is used in a quantity of from O.S 
to 10% by weight of the complex. 
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19. A method for preparing filled polymers according to 
clainis 1 to 14, wherein the polymeric matrix is a biodegrad- 
able polymer selected froro the group consisting of the ali- 
phatic-aromatic polyesters, the aliphatic polyamides, the 
polyamides-polyesters , polyurethane-polyestera , polyuretha- 
ne -poly amides and polyurea-polyesters comprising melt-mixing 
the polymer forming the polymeric matrix with a con^lex of 
starch having the characteristics as set forth in claim l 
and further characterised by being formed of starch com- 
plexed with a complexing agent different from the polymer 
forming the matrix and from the ethylene -vinyl alcohol co- 
polymers, 

20* A method according to claim 19, wherein the starch com- 
plex is preformed or formed during melt-mixing, 

21. Shaped articles obtainable from the hydrophobic poly- 
mers of claims 1 to 14 . 

22. Shaped articles obtainable from the hydrophobic poly- 
mers of claims 1 to 14, wherein the hydrophobic polymer is 
selected from the group consisting of the aliphatic and ali- 
phatic-aromatic polyesters, polyur ethane -polyamides, poly- 
urea-polyesters , and polyurethane -polyesters . 

23 . Films and coxi5)ostable bags obtainable from the hydro- 
phobic polymers of claims 1 to 14. 

24. Tyres obtainable from the rubbers of claim 14. 
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